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TECHNICAL NOTE NO. 1368

THECRETICAL, AND EXPERTMENTAT, DATA FOR A NUMBER OF
NACA 6A-SERTES ATRFOIL SECTIONS

By Leurence X. Loftin, Jr.
SUMMARY

The NACA 6A-~series airfoil sections wers designed to eliminate
the trailing-edgs cusp which 1s characteristic of the NACA 6-series
sections. Theoretical deta are presented for NACA bA-series basic
thiclmess forms having the position of minimum pressure at 30,

40, and 50 percent chord and with thickness ratiocs varying from
6 percent to 15 perceont. Also presented are data Tor & mean line
designed to maintain straipht sides on the cambered sections.

The experimental resulte of a two-dimensional wind-tunnel
investigation of the aerodynamic characteristics of five NACA 6itA-series
airfoil sections and two NACA 63A-series airfoil sections are
presented, An analysis of thege results, which were obtained at
Roynolds numbers of 3 x 102, 6 x 109, and 9 x 108, indicates that
the section minimnm-drag and maximum-lift characteristics of
comparable NACA 6-geries and 6A-series airfoil sectlions are essen-
tially the same. The quarter-chord pitching-moment coefficients
and angles of zero 1lift of NACA 6A-series airfoll sections are
slightly more negative than those of corresponding NACA 6-geries
airfoll mectlons. The position of the aercdynemic center and the
1lift-curve slope of smooth NACA 6A-series airfoil sections appeer
to be essentially independeny of airfoil thickness ratio in contrast
to the trends shown by NACA 6-series sections. The addition of
gtandard leading-edge roughness causes the lift-curve slope of
the newer sections to decreass with increasing airfoil thickness
ratio.

INTRODUCTION

Much Interest is being shown in ailrfoll sectlions having small
thickness ratlos because of their high critical Mach mimbsrs. The
NACA 6-series airfoil sections of small thiclkness have reletively
high critical Mach numbers but have the disadventage of being very
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thin near the tralling edge, particularly when the sections considered
have the position of minimum pressure well forward on the basic
thickness form. The thin trailing-edge portions lead to dlfficultles
in structural design and fabrication. In order to overcome theass
difficulties, the tralling-edge cusp has been removed from a nuuber

of NACA 6-series basic thickness forms and the sides of the airfoll
sectlions made streight from approximetely 80 percent chord to the
tredling edge. These new sections are designated NACA 6A-series alr-
Poll mections. A special mean line, designated the a = 0.8 (modified)
uean line, has also been designed to maintaln straight sides on the
cambered sectlons. .

Thie paper presents theoretical pressure-disitribution data
and ordinates for NACA 6A-series basic thickness forms covering a
range of thickness ratlos extending from 6 to 15 percent and &
range ‘of positions of minimum pressure extending from 30 percent
to 50 percent chord.’

The asrodynamlc characteristice of seven NACA 6A-series airfoill
sections as determined in the TLangley two-dimensional low-turbulence
presgure tunnel are also presented. These data are analyzed and

compared with similer data for NACA 6-seriss airfoll sections of =~ -
compareble thickness and design 1ift coefflcient.

COEFTICIENTS AND SYMBOLS

cq. gection drag coefficient

Cdmin minipum section drag coefficlent

1) sectlon 1ift coefficient
1y design sectlon Llift coefficient
c1 maximum section 11ft coefficlent
max g
cma-c. gection pitching-moment coefficlent about aerodynamic center

Cmc/h sectlion pitching-moment coefficient about gquarter-chord point -
%y sectlon angle of attack

o4 section angle of attack corresponding to design 1ift
coeffTiclent T ;
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dc?,. . .

- gection lift-curve slope

&ty

v free-gtream velocity

v local veloclty

AV increment of local. veloclty

Avg " increment of local veloclty caused by additional_type of load
"distribution

Pr reégultant pressure coefficient, difference betwsen local

. upper-surface and lower- surface pressure coefficients

R Reynolds number

c - alrfoll chord length

x distence along chord from leading edge

¥ distance perpsndicular to chord

Yo  mean-line ordinate

a .mean~line designation; fraction of chord from leading slge
over which design load is uniform

¥ alrfoil design parameter (reference 1)

THEORETICAL CHARACTERISTICS OF ATRFOILS

Designation.~ The system used for designating the new alrfoil
gections is the same as that employed for the NACA 6~seriles sections
(rererence 1) except that the.capitel letter A is substituted for
the dash vhich appears between the digit denoting the position of
" minimum pressure and that denoting the ideal 1ift coefficient.’

For example, the NACA Gh,-212-becomes the NACA 64,3212 when the
cusp ls removod from the tralling edge. In the absence of any

further modification of the designation, the cambered airfoils are
Lo be considered as having the a = 0.8 (modified) mean lins.

, Basic thickness forms.- The theoreticael methods by which the
basic thickness forms of the NACA 6-series family of alrfoll sectlions
were derived in order to have pressurs distributlons of a specified
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type are described in reference 1. Removing the trailing~edge cusp
was accomplished by increasing the value of the alirfoll design
parameter V¥ (reference 1) corresponding to the rear portion of the
airfoil until the airfoll ordinates formed a astraight line from
approximately 30 percent chord to the tralling edge. Once the final
form of the V¥ curves was establlshed, the new pressure distribu-
tiong corresponding to the modified thickness forms were calculated
by the ueual methods as described in reference 1.

A comperison of the theorebtical pressure distributlions of an
NACA 647-012 airfoil sectlon and an NACA 6444012 airfoil section

(fig. 1) indicates that removing the tralling-edge cusp has little
effect upon the velocitles around the section. A slight reduction
of the peak negative pressure end flatiter pressure gradient over
the forwerd and rearward portlons of the alxfoll section seem to
be the principal effects. The theoretical calculations also
indlicate the pressence of a tralling-edge stagnation point—caused
by the finite trailing-edge angle of the NACA 6A-series sections.
This stagnation point 1s, of course, never reallzed exporimentally.

Ordinates and theoretical pressure-distribution data for
NACA 6A-series basic thicknese forts having the position of
minimumm pressure at 30, ho and 50 percent chord are presented
in figures 2 to 16 for airfoll thickness ratios of 6, 8, 10, 12,
end 15 percent. If Intermediate thickness ratios 1nvolving &
change in thiclkness of' not more than 1 to 2 percent ere desired,
the ordinates of the baslc thickness forms may be scalsd linearly
wilthout seriously altering the gradilents of the theoretical pressure
digtribution. _

Mean line.- In order that the addiition of cember not change
the pressure gradients over the basic thickness form, a mean line
should be used which causes uniform load to be cerried from the
leading edge to a point at least as far.back as the position of
mniniuum pressure on the basic thickness form. The usuval practice
1s to camber NACA 6-series airfoil sections with the a = 1.0 +type
of mean line because this mean line &appesars to be best for high
maximm 1lift coefficients and, contrary to theoretical predictions,
does not cause excessive quarter chord pitching-moment coefflcients.

The & = 1.0 type mean line wes not considered desirable,
however, for the NACA 6A-series basic thickness forms because the
surfaces of the cambered alrfoil sections would be curved near
the trailing edge. The type of mean line hest sulted for maintaining
straight sides on these newer sections would dbe one that .ls poerfectly
straight from 80 pércent chord to the trailing edge. Such a camber
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line could be obtained by modifying an a = 0.7 mean line. Con-
glderation of the effect of mean-line loading upon the maximum lif+t
coefficlent indlicated, however, that a mean line having & uniform
load distribution as far back along the chord as possible was
desirable. It was found that the &a = 0.8 <type mean line could be
made straight from epproximately 85 percent chord to the trailing
edge without ceusing a sharp break in the meean line and with very
1little curvature betwsen the 80-percent and: 85-percent chord. The
aerodynamlic advantages of neing this mean line in preference to oue
having wniform load to TO percent chord were considered to be more
Important than the slight curvature existing in the modified

a = 0.8 mean line. For this reason, all cambered NACA 6A-series
alrfoil sectlons have employed the & = 0.8 (modified) mean line.

The ordinates and load-distribution data corresponding to &
design 1ift coefficient of 1.0 are presented in figure 17 for the
a = 0.8 (modified) meen line. The ordinates of a mean line having
any arbitrary design 1ift coefficient may be obtalned simply by
multiplying the ordinates presented by the desired design 1ift
coefficient. ) : S

Cambered asirfoils.~ The method used for cambering the basic
thickness distributions of figures 2 to 16 with the mean line of
flgure 17 is described and discussed in references 1 and 2. It
conslsts essentlally in laying out the ordinates of the basic
thiclmess forms normal to the mean line at corresponding stations.
A discusslon of the method employed for combining the theoretical
pressure-distribution deta, presented in figures 2 to 17 for the
meen-line end basic~thickness distribution, %o give the approximate
theoretical pressure distribution ebout a cambered or symmetrical -
alrfoil section at any 1lift coefficient is given in reference 1.

APPARATUS AND TESTS

Hind tunmel .- All tho tests described herein were conducted
in the Langley two-dimensional low-turbulence pressure tunnel. The
tost section of this tunnel measures 3 feet by 7.5 feet. The
models completely spanned the 3-foot dimension . with the gaps
betwsen the model and tunnel walls sealed to prevent air leakags.
Lift measurements were made by taking the difference betwsen the
pressure reaction upon the floor and ceiling of the tunnel, drag
results were obtalnsd by the wake-survey method, and pitching moments
were determined with a torque balance. A more complete description
of the tunnel and the method of obtaining and reducing the data
are contained in reference 1.
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Models .~ The seven airfoil sections for which the experimental
aerodynamic characteristlcs were obtalned are: h '

NACA 634010
NACA 6%2210
NACA 644010

NACA 644210, NACA 641A23 NACA Elph215
NACA 6hAl10’

The models representing the airfoil sectlons were of 2% inch chord
and were constructed of leminated mahogeny. The models were palnted
with lacquer and then sanded with No. 400 carborundum paper until
aerodynamically smooth surfaces were obtained. The ordinates’ of the
models tested ars presented in table I.

Tegtg .~ The tegts of each smooth airfoll scctlon consisted in
meagursnents of the 1liit, drag, and gquerter-chord pitching-moment

coefficlents at Reynolds numbers of 3 x 106, 6 x 106, and 9 x 10°.

In addition, the 1lift and drag characterigbtlics of each section were
determined at a Reynolds number of 6 X 10° with stendard roughhess
applied to the leading edge of the model. The standard roushnoss
employed on these 2h-inch-chord models consisted of 0.0ll-inch-
diameter carborundum grains spread over a surface length of 8. percent
of the chord back from the loading edge on the upper and lower
surfaces.. The grains ¥ere thinly spread to cover from 5 to 10 percent-
of this erea. In an.effort to obtain some idea of the effectlveness
of the alrfoil sections when squipped with trailing-edge high-lift
devlces, each ssction was fitied with & simulated gplit flap deflected
60°., TLift measugements with the split flap were made at a Reynolds
number of 6 x 10° with the alrfoil leading edge both smooth and

rough .
RESULTS

The results obtalned from tests of the seven airfoil secitions are
prssented in figurss 18 to 24 in the form of standard aerodynamic
coefficianta representing the 1ift, dreg, and quarter-chord pitching-
momant coaracteristics of the airfoil sections. The calculated
position vf vhe serodynamic center and the variation of the pitching-
moment coefficient with 1ift coefficlent about this point are also
included in thease data. The Influence of the tunnel boundaries has
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been removed from all the serodynamic data by means of the following
oequations (developed in reference 1):

C& =0 .9900d'
ey = 0973y’
— 1
CmC/}-l- = O-95lcmc/)+

¢, = 1.015a,"

vhere the primed quantitiss denote the measured coefficients.
DIBCUSSION

Although the amount of systemabtic asrodynamic date presented
for NACA 6A-series airfoll sections 1s not lerge, it is enough to
indicate the relative meritis of the NACA GA~series airfoil sections
as compared with the NACA 6-series sections. The veriation of the
important asrodynsmic characteristlics of ‘the five NACA fhA-series
alrfolle with the pertinent geometrical parameters of the alrfolls
is shown in figures 25 to 31, together with compareble data for
NACA 6h-gseries airfoils. The clurves shown in figures 25 to 31 are
for the NACA 64-series airfoil sections and are taken from the
faired data of reference 1. The expsrimental poinits which appear
on these figures represent the results obtained for the NACA 6hA-series
eirfoil soctlions in the present investigation. Since only two '
NACA 634-sories sections were tested, comparative results are not
presented for them. The effect of removing the cusp from the
NACA 63-series sections is about the same as that of removing the
cusp from the NACA 64-meries sections.

The comparative date showing the effects upon the aerodynamic
characteristice of removing the trailing-odge cusp from NACA 6-meries
airfoll sections should be used with caution if the cusp removal is
affscted in soms manner other then that indicated earlier in this
paper. For exsmple, if the cusp should be removed from & cambered
airfoll by meens of a stralght=line fairing of the airfoll surfaces,
the amount of camber would be decreased near the trailing edge.
Naturally, the effsct upon the aerodynemic characteristics of
removing the cusp in such a manner would not be the same as indicated
by the couparative results presented for NACA 6-series and GA-series
airfoils. '
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Drag.- The varlation of section minimm drag coefficlent with

eirfoil thickness ratio at a Reynolds number of 6 X 106 is shown

in figure 25 for NACA 64-series and NACA fis=series ailrfoil sections
of various cembers, both smooth and with stenderd leeding-odge
roughness. As with the NACA 6h~series sections (reference 1),

the minimum drag coefficlents of the NACA 6hA-series sections show
no conslstent varietion with camber. Comparison of the data of
fipure 25 indlcates that removing the cusp from the trailing edge
has no appreciable effect upon the minimwm drag coefflcoients of

the alrfoils, oither smoocth or with standard leading-edge roughness.

Tnereesing the Reynolds number from 3 X 106 o 9 X 106 has
about the same effect upon the minimm drag coefficient of
NACA 6hi-series airfolls (fige. 18 to 24) as that indiceted in
reference 1 for the NACA 6li-seriss airfoils.

Some differences exdst in the drag coefficienta of NACA 6k~
end 6hA-series airfolls outside the low-drag range of 1ift
cosfficlents but these differences are small and do not show any
consistent trends (figs. 18 to 24 and reference 1).

Lift.- The section angle of zero 1if% as a function of thickness
ratio is shown in figure 26 for NACA 64~ and 6ha-series airfoil
sectlons of—varilous cambers. These results show that the angle of
zero lift 18 nearly independent of thickness and 1s primarily
dependent upon the amount of camber for a particular type of mean
line. Theoretical celcunletions made by use of the mean line data
of figure 17 and reference 1 indicate that airfolls with the
a = 0.8 (modified) mean line should have angles of zero 1lift less
negative than those wilth the 'a = 1.0 nean line. fctually, the
reverse appears to be the case, and thils effect is due mainly to
the fact that airfoils having the a = 1.0 +type of mesn line have
angles of zero lift which are only about 74 percent of their
theoretical value (refersnce 1), and those having the a = 0.8 (modified)
mean lines have engles of zero 1lift larger than indiceted by theory.

The measured 1ifi-curve slopes corrssponding to the NACA 64-meries
and NACA 6hA-series airfoils of various cembers are presonted in
figure 27 as a function of airfoil “thickness ratio.  No consistent
variation of lift-curve slope wilth camber or Reynolds number is
shovm by either type of airfolil. 4An increase In trailing-edge -
angle produced by removal of the cusp tende to reduce the lift-curve
slope hy en amount which increases with airfoll thickness (see
referencen 3 and %), but it eppears that, for the 6A-geriles airfoils,
this dacrease in lift-curve slope 1s Just enough to equal the normal
Inereare caused by alrfoil_thickmess because the present deata for the
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fA-sections show essentially no variation in lift-curve slope with
thickness. The value of the lift-curve slope for smooth

NACA 6ltA-series airfoll sections is very close to that predicted
from thin airfoil theory (2¢ per radian or 0.110 per degres).
Removing the trailing-edgo cusp from an airfoll section with
stanéard leading-edge roughness causes the lift-curve slope to
decroase qulte rapidly with increasing airfoll thickness ratlo.

The variation of the maximm section 1ift coefficient with

alrfoll thiclmess retio and camber at a Reynolds mumber of 6 X 106
is shown in figure 28 for NACA 6h-series and NACA 6hA-series airfoil
sections with and without standsrd leading-edge roughness and,
gimulated split flaps deflected 60°. A comperison of these data
indicaetves that the character of the variation of meximum 1if%
coefficlent with airfoll thickness ratio and cember 1s nearly the
same for the NACA 6li-series and NACA 64A-series alrfoil sections.
The magnitude of the meximum 1irt coefficient sppeers to be slightly
less for the plain NACA HhA-series airfolls and slightly higher for
the NACA GUb-ssries airfoils with eplit flaps than corrssponding
values for the NACA Gi-series airfoils. These differences are
small, however, and for enginsering spplications the maximum-1if+t
characteristics of NACA 6lhi-series and GiA-series airfoll sections

of comparable thiclmess ond design 11ft coefficient may be con-
eldered practically the same.

A comparison of the maximum-1ift data for NACA GhA-geries
airfoil sections with similar data for NACA 6i-series airfoil
sections, presented in filgures 18 to 24, Indicates that the scale-
effect characteristice of the two types of section are essentially

the same for the range of Reynolds number fram 33 10° to 9 X 10°.

Piltching moment.~ Thin=alrfoll theory provides a means for
calculating the theoretical quarter-chord nitching=moment coefficients
of airfoll sections having vearious amounts and types of ceuber.
Calculations were made according to these methods for alrfoils
having the & = 1.0 and a = 0.8 (modified) mesan lines by using
the theoretical mean~line data presented in figwre 17 and in
reference 1. The resulbts ¢ these calculatbtions indicate that
the gquarter-chord pltching-moment coefficlents of the NACA 6hA-series
alrfoil sections having the a = 0.8 (modified) mean lins should
be only gbout 37 percent of those for the NACA 6h~series airfoil
sections with the a = 1.0 mean line. The sxperimental relation~
ship between the quarter-chord pltching-moment coefficient and
alrfoll thickness ratio and camber, shown in figure 29, dlscloses
that the plain NACA 6hA-series airfoils have pitching-moment coef-
ficients which are sligntly more nsgative than those for the plain
NACA Eh-series alrfoils. The increase in the magnitude of the
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pltchingdmoment coefficient of NACA 6hA-series alrfoils as compared
with NACA 6h-geries airfolls becames greater when the airfoils are
equipped. with simulated split flaps deflected 60°. A comparison of
the “theoretical and measured pitching-moment coefflcients is shown
in flgure 30 for NACA fli-series and 6LA-series airfoil sections.
Theme comparative data indicate that the NACA 6hA-series sectlons
much more nearly realize thelr theoretical moment coeffilclents

then do the. Hli-gseriss airfoil sections. Similar trends have been
shown to result when mean lines such ag the & = 0.5 type are.
erployed with NACA 6-geries airfoils (reference 1).

Asrodynamic center.- The position of the asrodynamic center and
the variation of the moment coefficlent with 1ift coefficient about
this point were calculated. from the gquarter-chord pltching-moment
data for each _of the seven airfolls tested. The variation of the
chordwise position of the aerodynamlc center with airfoil thickness
. ratlio is shown in fipure 31 for the NACA 6Glr~series and 6lA~serics
airfoill sections. Since the date for the NACA 6h-series alrfoils
showed no consistont variation with camber, the resulis are repre-
sented by a single falred curve for all camberse. Followlng this
seme trenhd, the pomition of the aerodynemic center for the
NACA 6hA-seriea alrfoilsa shows no consistent variation with camber.
The date of figures 18 to 24 show that the variations in the Reynolds
number heve no consistent effect upon the chordwise pogition of the
asrodynamlic center.

Perfect fluld theory indicates that the positlon of the aero-
dynamic center should move rearxward with increasing airfoil thickness
end the experimental results for the NACA 6h-geries ailrfoil sections
follow thie trend.. The datae of refersnce 5 show lmportent forward
movements of the asrodynamic center with increasing trailing-edge
angle for & glven airfoil Jhickness ratio. The results obtained
for the NACA 2i-, - and. 230~geries airfoil “gections (reference 1)
-roveal that the effect of - increasing tralling-edge angle predominates
over the effect of increasing thickness because the position of . the
aerodynamic center moves forward with increasing thickness ratilo
for these airfoll sectlonss TFor the NACA 6h4A-series airfoils
(fig. 31) the aerodynamlc center is slightly behind the gquerter-
chord point and does not appear to vary with increasing thickness.
These results suggest that the effect of increasing thickness is
counterbelancsd by increasing trailing-edgo angle for these alrfoll
sectlions.,
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CONCIUST.ONS

From a two-dimensional wind-twmnél investigation of the aero-
dynemic characteristics of five NACA 6LA-series and two NACA 63A-series
alrfoll sectlons the follo concluslions based upon data obtained
at Reynolds numbers of 3 x 100, 6 x 10°, and 9 x 10° may be drawn:

1. The ssction minimum drag and maximm 1ift coefficients of
corresponding NACA 6-series and 6A-series airfoil sections are
esgentially the same.

2. The lift-curve slopes of smooth NACA 6A-series airfoil
sections appear to be essentlelly independent of alrfoll thickness
ratio, in contrast to the trsnds shown by NACA 6-series ailrfoil
sections. The asddition. of standard leasdling-edge roughness causes
the lift-curve slope to decrease with increasing airfoll thickness
ratlo for WACA 6A-series airfoil sections.

3. The section angles of zero lift of NACA 6A-series airfoil.
gections are slightly more negative than those of compsrable
NACA 6-series aixfoll sections.

L. The section guarter-chord pltching-moment coefficients of
NACA 6A-series alrfoll sections are sllghtly more negative than
those of comparable NACA 6-series ailrfoil sections. The position
of the asrodynemic center is essentially independent of airfoil
thickness ratlo for NACA AA-series airfoll sections.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., May 6, 1947
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Fig. 2 NACA TN No. 1368
1.6
|_-¢1 = .01 Upper surface
1.2—0 y
.0l Lower surface \\
2
(g,) .8
b
° 6
0 .2 x/o e .B llo
(gerzent c) (percgnt c) (v/V)2 v/V_|Ava/V
o 0 0 L.560
°D 495 «900 949 12.07
.Zs .SER 1.0 1.0%1 | 1.79
1.25 i 1.08 1.0 1.370
3| nil | bE b
5‘ -* * v
7.5 1.737 1.1&2 1,069 | .563
10 1.989 1.150 | 1.072 | 485
15 2.362 1.159 | 1.077 | .383
20 2.651 1.1 1.079 321
25 2.820 1.16 1.081 | .278
30 2.942 1,170 | 1.082 | .2
5 2.936 1.1 1,081 { .217
o} 2.9 1.16 1.078 .195
Ls 2.91§ 1.151 | 1.073 | .17
50 2.38 1.138 | 1.0 g ol
25 2.61% 1.120 1.0& kLo
0 2.3z§ 1.100 | r.0L9 | .126
65 2.143% 1.079 | 1.03 112
70 1.859 1.057 | 1.02 '888
55 1.556 1,035 | 1.017 | .08%
eg 1.;39 1.852 1.802 .8 g
90 630 2964 :932 ol
95 +5e2 <9359 <969 | .033
100 .013 0 0
L.E. redius: 0.265 percent ¢
T.E. radius: 0.0l percent ¢
Flgure 2.~ NACA 63A006 basic thickness form.

NATIONAL ADVISORY
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NACA TN No. 1368 ‘ Fig. 3

1.6

| — 1 = ,05 Upper surface

0 /
1,2 A *"‘L‘-J

/<5~.05 Lower 2:\\

(z 2 s \
'/
L
F; ]
o1
0 2 A x/o .6 .8 1.0
‘ngmfnt e) _(mm_ggt c) (V/v)a V/v AV._/V
o] o] o} 3465
5 .658 .850 922 [1.961
.Zs 'Z91 1.ggh 1.017 |1.674
1.25 1.003 1.080 |1.03 1.3
2.5 1.3;1 1.132 1.062 .2 T
5.0 1.9%0 1.168 }1.081 .689
T+5 2.232 1.18 1.089 .562
10 2.656 1.19 1.095 L8L
1 3.155 1.212 }1.101 .383%
2 %2.515 1.221 |1.10 322
2 3.766 1.227 }1.10 279
3 3,926 1.230 [1.10 246
Zs 5.992 1.228 (1.1 .218
0 g.g? 1.212 1.104 <19
L5 .B78 1.20 1.033 .17§
50 3.323 1.183 | 1.0 .15
5 3, 1.1;9 1.021 .138
0 3.176 1.132 |[1.0 123
65 2.83% 1.104 |1.051 .109
go 2.5 1.ozg 1.026 .036
b .2.05 1.0 1,021 .083
0 1.6 1.010 |1.005 .070
gg 1.%20 .ggg .920 .o§8
* L] L] .o
5 . A . L) .0 g
100 .018 0 ? o} 3 3 0
L.E. radius; 0.473 percent ¢
T.E. radius: 0.020 percent ¢

Figure 3.~ NACA 63A008 basic thlckness form.
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Fig. 4 B e NACA TN No. 1368

1.6
/r——cg = .09 Upper surface
Z —
ON ﬁl\
1.2 ==

7
J

A
"1 IR
pd —
Ty
0
0 .2 .h x/c .6 .8 lco
(perc:e‘nt c) (perognt c) ('/V)z v/V ave/V
0 0 0 0 2.805
«5 .816 .75& .880 1.83a
-ZS .983 985 | .992 [ 1l.59
1.25 1.250 1,043 11,021 }1.307
2.5 1.323 1.15,0 [ 1.068 957
5.0 2. 1.200 | 1,09 .
7.5 2.91 1.22% | .10 .560
10 3,32 1'228 1.11 183
1 .950 1.2 1.126 .38
2 00 1.282 | 1.132 .32
25 L.71h 1.290 | 1.13%6 .280
30 L.913 1.294 | 1.138 2l
5 h.923 1.291 | 1.136 .21
o h.g 1.2 g 1.131 .
Ls L.83 1.258 | 1.122 o1
50 L.61 1.220|1.10 .12;
55 L3l 1.126 1.09 .1
60 3.943 1.162 1.02 .122
65 5.317 1.122 1.061 .108
) 3,04, 1.085 |1.042 .ogh
g a.gh 1.038 1,02l 081
2. % 1.0 g 1.00% .068
85 1.53%5 97 .98 057
90 1.0%0 .938 | .969 .0
95 525 900 | .94% .030
100 .021 0 0 0
L.E. rediuss 0.7L2 percent ¢
T.E. radius: 0.023 percent ¢

Flgure lj.= NACA 63A010 basic thickness form,.
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NACA TN No. 1368

l'6
|_-c7 = .12 Upper surface
e
0 —
L
1.2 /}// \&\

~
|/
X
:
/

b
.\\\:
\ ,"—"/#"_‘
o L
0 .2 A A 6 8 1.0
(percsnt o)l (peresnt o) | (W/V)2| v/ |ava/v
0 0 2.361
.5 973 .68 .828 |1.701
.Zs 1.173 .92 961 |1.51
1.25 1.492 .985 1 .992 |1.25
2.5 2.078 1.1%6 | 1.066 .935
5.0 2.893 1.229 {1,109 679
7.5 3.50 1.265 |-1.125 .339
10 z.ggh 1,291 [ 1.136 082
15 .73% 1.32h 1.151 38N
20 5.2 1.3 11.1 <325
25 5.66 1.355 | 1.1 § .281
5g 5.901 %.560 %.%2 .g&s
6} 2:923 12?23 1:128 :192
hg g.§92 1.312 |1.1)5 174
5 . 15 1.273 1.129 . %
5 2.1& 1.230 {1,111 .13
o} .700 1.191 |1.091 .120
65 g.lss 1.1z3 1,0 1068
0 .621 1, 1.0@8 092
i Jise | i \iosy | o
s | iR |EE
5 1622 -888 3338 .039
100 .025 0 0 o}
L.E. radius; 1.071 percent ¢
T.BE. radius: 0.028 percent ¢

Flgure S5.- NACA 63,4012 basic thiclkness form.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Pig. 6 NACA TN No. 1368

i L) 1 1 3
|_cy = .18 Upper surface

1.6 <]

N

[é’\ .18 Lower surface \\

1.2

/

A
/F’” \V\.\
/
o}
o} 2 h x/c .6 .8 1.0
(perognt c (percgnt c) (v/V)2 v/V  |ava/V
[ 0 0 ° 1.930
.5 i.gﬁé .550 .735 i.soh
1233 1. “882 2359 12232
2. 2. 1,120 | 1.0 .90
5.3. .ZIZ 1.257 1.12? .263
7.5 .382 1.323% 1.120 . gg
10 h.9ﬁz 1‘ﬁ61 1.1 .§
15 5-9 10 08 1018; [ ] 8
20 6.612 1.43 1.192 .32
25 7.08 1.45 1,20 .282
30 7.3 é 1.46 1,210 | .250
Zg ; 9 1.l 1.2og .220
b 3 | g | Tied | e
53 (3 1:§ﬁ9 1.161 | . ;g
5 6.387 1.296 | 1.138 | .13
o 5.820 1.257 { 1.112 | .11
65 E'l%a 1.175 1.08% 104
70 . 1.115 | 1.05 ,090
gs 3,731 1,055 | 1.027 .ozz
0 2.991 1,000 | 1.000 | .0
85 2.252 +950 975 | .052
90 1.512 .goo o9 | .oLo
95 LT72 .850 .922 | .028
100 .032 0 0
L.E. radiuvss 1.630 percent c
T.B. radius; 0.037 percent c

Figure 6.- NACA 635A015 basic thickness form.

NATIONAL ADVISORY
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NACA TN No. 1368 . Fig. 7

1.6
1‘2- j e = .02 Upper surface
% ]
N \\.‘
~~.02 Lower surface B
2
G9 .8 )
b
0
0 2 b x/e -6 .8 1.0
(percgnt c) (percgnt c) | (v/V)2 v/v Avg/V
0 0 0 L,.688
5 85 1.019 | 1.009 | 2.101
.Zs .;85 1.046 1.02? 1.798
1.25 139 1.076 | 1.03 1.422
3| by || e
3:5 1:632 1326 | 19| 2h
1 1.919 1.132 1.063 .582
15 2.28% 1.131 1.06 .382
20 2.557 1.1l 1.072 321
25 a.gsz 1.15 1.07% .278
30 . 2.89 1.12 _1.07 216
5 2.977 1.162 | 1.078 «219
0 . 2.939 1.162 1.079 197
ks a.g 5 1.1 1.025 AT
50 2.825 1.1 1.069 159
5 2.65 1.12 1.061 143
0 2. 1.10? 1.052 .126
65 " 2.188 1.08 1.033 112
70 . 1wsoz 1.06 1.032 .039
5 1.60 1.0&3 1.021 .
8o 1.225 1.012 1.302 °8%§
36" "2hd 2| 38| S
95 , «331 «935 <967 035
100 .013% 0 o}
L.E. radids: 0.246 percent o
T.E. radius: 0.0l percent ¢

Figure T.- NACA 64AQ06 basic thickness form.

NATIONAL ADVISORY
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Fig. 8 , NACA TN No. 1368

1.6
0 _} o1 = .046 Upper surface
102 ’BEI ——— I
/
¥.Qh_6 lower surface
2 e
;) .8
p————]
= —
0
(0] 2 ll‘- x/c 06 .8 1.0
JEQEE;EEJLLJnszsgﬁi o) | (o/V)2 v/V_| ave/V
0 0 0 0 3.546
5 6L6 U7 973 | 1.972
.Zs .ége 1.00 1.002 | 1.697
1. 5 . g 1.0 10033 ’5
2.5 1. 2 1.122 | 1.059 971
5.0 1.863 1.121 1.073 .692
1.5 2.25 1.1 2 1.832 °28
10 a.gz 1.17 1. Jig1
15 3. Z 1,191 | 1.091 .38
go g.%é 1.301 i.g%g «323%
53 3.8 g 1.227 | 1.10% :SZ?
5 3.972 1.221 | 1.105 .22}
0 5.928 1.225 | 1.107 o1
Ls 3.921 1.211 | 1.100 .1
50 5.72K 1.191 | 1.091 <1
5 3.5 1.167 | 1.080 .1
0 3.234 1.1 1.068 125
65 2.897 1.11 1.055 111
T0 2.521 1. 1.0 .038
5 2.11 1.053 | 1.026 .
0 1.6 1.020 | 1.010 .072
85 1.278 <987 +993 -059
gg .358 .g;l .gg '832
100 018 o ) o
L.E. radius: 0.439 percent ¢
T.E. radius: 0,020 percent c

Figure 8.,- NACA 6;A008 basic thiclmess form.
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NACA TN No. 1368 Fig. 9

1.6

«t 6L = .08 Upper surface

tef e

.08 Lower surface

ha .8
)
ol
_\
K ——
1 —
0
0 2 L z/c .6 .8 1.0
X
(percent o) (gg!‘c:nt )l (/)| /W ave/V
0 0 0 o] 2.868
«5 804 868 «932 | 1.845
75 «969 952 976 |1.60%
1.25 1,22 1.0 1.021 | 1.300
2.5 1,68 1.130 | 1.063 '633
5.0 2.327 1.178 1.082 .
7.5 2.905 1.201 |1.09 <562
10 3.12; 1.21 1.10; 80
15 .8 1.2 1.11 .382
20 272 1.22% 1.120 .32l
25 L.606 1.2 1,125 .280
30 h.82§ 1.235 1,129 248
g L.9 1.282 |1.132 .221
h.g9 1.288 1.132 «199
L5 h.sg 1.268 [1.12 .1
50 L. 3 1.240 | 1l.11} o1
25 L.38 1.208 1'83 140
o] L.021 1.174 |1, A2k
65 %2.59 1.139 {1.067 .109
70 3,12 1.102 |1.050 .096
5 2.623 1.063 [1.0%1 .083
0 2.10 1.022 1.011 .0 8
5 1.58 .98 «990 .0
90 1.062 .338 «969 .0
95 .5l «09% 945 .031
100 .021 0
L.E. radiuss 0,687 percent ¢
T.B. radiusz 0,023 percent ¢

FPlgure 9.= NACA 644010 basic thickness form.
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Fig. 10 _ NACA TN No. 1368

1.6
///A,,c; = ,13 Upper surface
N e S

*

//;//A<::‘- 1z Lo‘er'surrac;\Nf:ESS\\\\\

i
—t 1]
/>
p— _____—"
4]
0 .2 .h x/° .6 .8 l.o
(percant o) (pggglh&_g) (v/N)2 | w/v aAvg/V
0 0 0 0 2.408
.;5 l.ggé 792 | 890 i.%zo
* L] L2 1
1.32 B8 | 2 002 | 12043 | 1:338
2.5 2.01 1.127} 1.06 901
5.0 2.788 1.201]1.096 .681
7.5 5.56h 1.235( 1.111 560
10 ﬁ' 39 1.233 1.121 478
15 .3 ) 1.2 1.1 .383
20 5.122 1.308{1.1 «325
25 5.33& 1.32% 1.151 .281
30 5.809 1.3 1.126 249
5 5.965 1.346 | 1.160 .221
0 5.395 1.352 1.16L4 +199
i5 5.863 1.326) 1.152 177
50 5.60 1.289 1.133 .157
25 2 1.250 | 1.11 .139
0 .801 1.207 | 1.099 .1%8
65 L.289 1.16L ] 1.079 .
0 3,721 1.118 { 1.057 .ogh
5 3.118 1.071 | 1,0%5 .080
o] z.goo 1.023 } 1.011 .068
85 - 1,882 <97 .987 .056
go 1.%gi .925 .96i .82
103 .025 & 0 » 0 ?
L.E. radiuss: 0,994 percent c
T.E. radiuss: 0.028 percent c

Pigure 10.= NACA 64,A012 basic thickness form,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA TN No. 1368 i Fig. 11

T T T T 1
¢z = .21 Upper surface
1.6 2 :
( >//\\\\
/\
: \.21 Lower surface .
[ Xl
| /
v .
(v) /
o
-l \T\\-
= — |
F— ___,—-I—"//
0
0 .a .ll. x/o .6 ' .8 l.o
gperc:nt c] (percent c) (v/v)2 v/V _lava/V
0 1.956
.5 101 3 .6 '82 l.i;a
<75 1.436 .789 . 1.504
1.25 1.8 93 967 11.189
23| na | b ni |
235 Z:ZZZ 1.280 | 1.131 | .552
10 L.799 1.31L | 1.1L6 | .
15 2. 32 1.360 | 1.166 .55
20 23 1.220 1.179 32
25 6.926 1,413 | 1.189 | .283
20 ;.zzo 1.ﬁio 1.196 | .2
5 463 1. g 1,202 | .22
0 .§87 1.h5 1.207 | .201
L5 g. 13 141, | 1.18 .17
50 97 1.36l | 1.16 .15
5 6.512 1.211 | 1.1L5 | .137
0 95 1.25 1,120 | .121
65 5.311 1.13 1.02; 106
0 .600 1.1%9.] 1.0 .091
gs .th 1.079 1 1.039 .078
0 3,08 1,020 .{ 1.010 | .065
85 2.321 961 .980 | .053
§ | || 38
100 L0352 | 0 o7 |o”
L.E. radlus: 1.561 percent ¢
T.E. radluss 0.0%7 percent ¢

Figure 1ll.- FKACA 645A015 basic thickness form,

NATIONAL ADVISORY
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Fig. 12 NACA TN No. 1368

1.6
¢y = .01 Upper surface
1.2—0 ,//’
‘\
\
:>‘.Ol Lower surface ]
2
v
& 8
ALt
0
O .2 : tLl- x/c .06 08 l.o
(percﬁnt c) (percgnt c) (v/V)2 v/V Ave/V
0 0 o] .8
.? hg 1.oah 1.01 g.léé
75 5 g 1.0 3 1,02 1.7
1.25 T 1.0 1.029 | 1.%65
2.5 .981 1.080 1.0%9 .966
?.o 1.313 1.101 1.04L9 .688
.5 -1.391 1.112 1.05 .562
10 1.824 1.120 1.0 80
ég 2.19&_ 1.131 1.063 282
. 1.1 1.0 32
50 S:¢8  |1afd | 1090 | 1378
30 2.842 1.149 1.072 246
5 2.9&2 1.153 1.07 21
0 2.99 1.157 1.07 .19
Ls 2.992 1.159 1.07 .128
50 2.925 1.157 1.02 161
5 2.295 1.141 1.068 JAh3
0 2.602 1.12% 1.060 127
65 2.36) 1.10 1.052 112
70 2.087 1.083 1.0 .039
5 1.775 1.059 1.029 . Z
0 1.%&7 1.032 1,016 . Z
85 1.083% 1.003% 1,001 061
90 727 <973 .986 047
95 <370 936 .967 033
100 .013% 0 0
¢ L.E. radius: 0.229 percent ¢
T.Ee. radius: 0.014 percent ¢

Flgure 12.~ NACA 65A006 basic thickness form.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA TN No. 1368

Fig. 13

1.6
o |03 = .05 Upper surface I
Loab— =
= =Sram
//’/ .05 Lower surface
v)a .8
\'{
A
e —
o]
0 02 o)-l. x/° u6 08 l.O
jpercznt c) (peregnt e) | (v/V)2 v/V_|ava/V
0 0 o 3.698
.5 .615 '975 .986 2-010
<75 .46 1,001 | 1.00Q {1.693
1.25 951 1.038 1.012 1.3%
2'8 1.503 1. 1.0 .23
5 1.749 1.127 | 1.0 .68
T.5 2.120 1.145 | 1.070 .261
10 2.432 1.157 1’836 79
15 2.926 1.1&2 1.08L | .282
20 3.%501 1.1 1.089 | .322
25 3,585 1,195 | 1.09%5 | . Zg
30 3.791 1.202 | 1.096 .2
5 2,928 1.207 | 1.099 | .21
0 3.933 1.213 | 1,101 | .19
%g g.g 1.213 1.102 .128
.89 1.21 1.10 161
5 3.Z1§ 1,191 1.031 .1&5
0 3.15 1.167 | 1.080 | .12
65 5.125 1.188 1.067 | .112
70 2.7 3 1.1 1.053 | .098
5 2.gh 1.076 | 1.037 | .0B6
0 1.898 1,0 1.020 | .073
85 1.430 1.002 | 1.001 | .060
90 .Eso .961 .980 | .0Lé6
95 189 .916 .957 | .031
100 .018 0 0 0

L.E. radiuss 0.408 percent ¢
T.E. radius: 0.020 percent c

Figure 13.- NACA 65A008 basic thickness form.
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Fig. 14 NACA TN No. 1368
1.6
¢7 = .10 Upper surface
it
— .
1,240 S
/ «10 Lower surface
N
® 'By
o
i ——
o .
0 2 A x/c .6 .8 1.0
(percent o) |(percént o) | (W/V)2 | v/V_|ava/V
0 o 0 0 2.383
.; .76 .Bzg 947 11.87
<15 ] 9 9Th |1.619
1.25 1.18% 1.010 1.083 1.303%
2.5 1.623% 1.223 1.0 .936
.0 2.182 1. 1.071 | .b679
;.5 2.650 1.176 | 1.084 .Z;g
10 3.0L0 1.19 1,09 . g
15 .628 1.21 1.1 .382
20 127 1.234 | 1.111 | .323
25 L.48% r.247 | 1.117 | .281
30 L.7h2 1.297 | 1.121 | .249
iS k.12 1.2 g 1.12 222
0 u.9gg “1.27 1.12 1
L5 h.g 1.277 | 1.130 | .178
50 1,.863 1.211 1,12 161
25 k632 1. 1.11 RN
0 h.gou 1.208 1.g§§ 127
65 3.899 1.172 | 1. 111
0 3.532 1.133 | 1.0 .ogz
ﬁs 2.912 1,091 | 1.045 | .
0 2.%352 1,047 | 1.023 | .071
88 1.771 .999 .9 E .028
% N 895 | 3¢ | 023
160 L021 ) o o’
L.E. radius: 0.639 percent ¢
T E. radius: 0.023 percent ©
Figure 1lli.- NACA 65A010 basic thickness form,
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NACA TN No. 1368 : - Fig. 15

1.6 T I I I
| €3 = .15 Upper surface

/]
I e e e s Y
Y L \\
//2///<::~n15 Lower surface :$S$E:>\
2
@ -8
N
/_- '\\
—— =
| [
0
O .2 0}-'- x/c '6 08 l.o
(percznt c) (pecmnt c) (v/v)2 v/V | &va/V
0 0 -{ o0 o 2.520
.5 .913 .82l .908 1.? 7
.Zs 1.106 .883 .930 1.553
1.25 1.l <969 98L 1.2
2.5 1.942 1.081 ] 1.040 .913
5.0 2.612 1.166 | 1,080 | .672
7‘5 301 1020 1.09 . 7
10 .6Z7 i.gé i'igh .Z 7
5 ;:Sg% 1.28 121&& :gzﬁ
25 5.383 1.301 | 1.1L1 | .281
30 5.693 1.31 1,16 | .250
5 .897 1. 2% 1.151 | .22
ZO 2-995 1.%3 1.15L4 | .19
L5 5.3;5 1.338 | 1.157 | .178
50 5. 1.3229 | 1.153 | .16
55 5454l 1,292 1.133 143
60 1l 1.251 | 1.1l .126
65 g.ésﬁ 1.20 1.097 | .11l
70 L.091 1.15 1.075 '836
5 5.&6& 1.10L | 1.051 | .082
80 2'786 1.051 | 1.025 .869
9 1Zﬁ13 :é%% :32? :oZZ
95 «719 Niygs 933 | .027
100 .025 0 0 0
L.E. redius: 0.922 percent c
T.E. radlus: 0.029 percent c

Figure 15.- NACA 65,A012 basic thickness form.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



Fig. 18 NACA TN No. 1368
1.6
—4—¢1 = .22 Upper surface
0 P __—\\ ~
/ /\4 \
] \
/ P [—~.22 Lower surface \\
v\2 | / \
(e )
4
/‘/ \\‘—\
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NACA TN No. 1368 e ) . Fig. 17
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Figure 17.- Data for NACA mean line a = 0,8 (modified),
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NACA TN No., 1388 ) Iig. 19
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NACA TN No. 1388
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Figs. 26,27 NACA TN No. 1368
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NACA TN No. 1368 Fig. 28
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Figs. 29,30 ~ NACA TN No. 1368
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